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Abstract. Query processing performance in XML databases can be
greatly enhanced by the usage of materialized views whose content has
been stored in the database. This requires a method for identifying query
subexpressions matching the views, a process known as view-based query
rewriting. This process is quite complex for relational databases, and all
the more daunting on XML databases.
Current XML materialized view proposals are based on tree patterns,
since query navigation is conceptually close to such patterns. However,
the existing algorithms for extracting tree patterns from XQuery do not
detect patterns across nested query blocks. Thus, complex, useful tree
pattern views may be missed by the rewriting algorithm. We present
a novel tree pattern extraction algorithm from XQuery queries, able to
identify larger patterns than previous methods. Our algorithm has been
implemented in an XML database prototype [5].

1 Introduction
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for $x in doc("in.xml")//a/*, $y in doc("in.xml")//b
return <res1> { $x//c, 
                       for $z in $y//d
                       return <res2> { $y//e,

                                              return <res3>{ $t//h }

           </res1>
                       }
                                 </res2>
                                            }

                                                        </res3>

                                              for $t in $z//f
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g Val=5 h Cont c Cont

                                              where $t[/g/text() = 5]

Fig. 1. Sample XQuery query and corresponding tree patterns/views.
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Fig. 2. Sample XML document and some tuples from its canonical relation.
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4.1 Algebraic translation of path queries
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full(d//∗)
def
= e 
 ����� alg(d//∗)

def
=πC(e)

full(d//a)
def
=(ea) 
 ����� alg(d//a)

def
=πC(ea)5 �'����$�#=��,.� ��>

d/∗
�����

d/a
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e �

full(d/∗)
def
= e1 \ πe3

(e2 BCe2.ID≺e3.ID e3)

 ����� alg(d/∗)

def
=πC(full(d/∗))Y 6 ���-�

e1, e2
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e3
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e
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 e2.ID
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e2
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e3 _ 
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e3
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full(d/a)
def
= ea \ πe3

(e2 B<e2.ID≺e3.ID e3)

 ����� alg(d/a)

def
=πC(full(d/a))
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q �

– � L q �	����$*� � text() 
 , 6 �	� alg(q) = πVlast
(π0(full(q))) 
 Y 6 �	��� Vlast

� $ , 6 �
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��,�,'��� \��I,'�

LM���?T , 6 �
ed
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– � L q
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text() 
 , 6 �	� alg(q) = πClast

(π0(full(q))) 
 Y 6 �	��� Clast
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C
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 alg(q)

def
=πIDlast

(π0(full(q))) 
 Y 6 �	��� IDlast� $B, 6 �
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�@,-,.�-� \��I,.��Lv�-�?T , 6 �
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 ��P >�P 
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full

��# >?��\������ &ZLM����&.,.� ���BLM���7+���, 6 �������-� �%$ 
 ���	��+�� ��>B� �<TH� ���6 �	Y
alg

���	��� 2��%$7LM���?T
full

LM���r$'��& 6 �I���	��� �	$�P �����G���?4<�I���	�J4
q ∈ P 
 Y7� 6 �%2I� �

full(q//a)
def
= full(q)BCeq .ID ≺≺ ea.IDeaY 6 ���-�

eq.ID
� $�, 6 � ��� �@,-,.�-� \��I,.�V� �

full(q)
&	�������%$'+S������� ��>�,.�

ret(q) 
 Y 6 � # � ea.ID
� $�, 6 �

��� Lv�-�?T , 6 �
ea
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full(q[text() = c])
def
=σV =c(full(q))

� L q1 ∈ P
�����
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8N)*��, 6 {/,//,∗,[ ]}
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full(q1[q2])

def
= full(q1) B<e1.ID ≺ e2.ID full(//q2)Y 6 ���-�

e1.ID
� $<, 6 � ��� &	�����-�	$�+j������� ��> ,'�

ret(q1)
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��\I,.��� �����K\�4<������� ��>B�N���%$'&	�������	�?,1���	2�� >��@,'� ���K$-,.�	+ 
 $-,%���;,.� ��>bLM���?T , 6 �W���I�@, 
 � �!Lv�-���?,7�@L q2
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q2
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�-��+�# ��&	�	�BYW� , 6
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� �H, 6 �W,'�'����$'# �@,'� ���yPOy�.,
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q$x


 ����� q
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full($x q)
def
= full(q$x) BCe1.ID ≺ e2.ID (full(q))Y 6 ���-�

e1.ID
� $W, 6 � ��� &������-�	$�+j������� ��>�,.�

ret(q$x) 
 ����� e2.ID
� $W, 6 � ��� &	�����-�	$�+j������� ��>�,.�, 6 �9,.��+<���I���Z� �

full(q)
P

Example.
� �?��$�� ���	��, 6 ��+��@, 6 ��qS+��-�	$-$'� ����$

p$x =
���

a/∗ 
 p$y = //b 
 p$z = $y
� �

d
�����

p$t = $z
���

f
^ $���� � � >�P
n _ P���+�+�# 4�� ��>!, 6 �Z��\j�	2I�Z����# �	$ 
 Y7���?\I,.��� � �

full(p$x) = ea BCea.ID≺e.ID e 
 full(p$y) = eb

full(p$z) = full(p$y) BCe$y .ID≺≺ed.ID ed



full(p$t) = full(p$z) BCe$z .ID≺≺ef .ID ef
�1�	Y &	����$'� ���	�7, 6 ��+���, 6 ��qS+��-�	$-$'� ����$

p1 = $x//c 
 p2 = $y//e 
 p3 = $t[g/text() = 5]�����
p4 = $t//h 
 ��# $'����q�,.����&%,'���BLM���?T , 6 �Z�������;4K� � �]� >�Pyn�P�zk� 6 �	2��

�



full(p1) = full(p$x) BCe$x.ID≺≺ec.ID ec

 full(p2) = full(p$y) BCe$y .ID≺≺ee.ID ee



full(p3) = full(p$t) B<e$t.ID≺eg .ID σV =5(eg)



full(p4) = full(p$t) BCe$t .ID≺≺eh.ID eh� �H, 6 �N��\S��2�� 
 e$y


 e$z

�����
e$t

�����9, 6 �
e
���	#=��,.� ����$W&	�����-�	$�+j������� ��>B,'�N, 6 �����.,.���-�K���I���%$W� �, 6 �9,.�'����$�#=��,.� ����$W�@L

p$x

 p$y

�����
p$t
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alg

��qS+����%$�$�� ����$�����������$�� # 4<�?\I,.��� �����<LM���?T
full

P

for $x1 in p1, $x2 in $x1/p2,. . . , $xk in $x1/pk

xq1 where $x1/pk+1 θ $x1/pk+2 and . . . $x1/pm−1 θ $x1/pm

return $x1/pm+1, $x1/pm+2, . . . , $x1/pn

full(xq1)
def
=

σAk+1 θ Ak+2,...,Am−1 θ Am(full(p1)BCID1≺ID2full(//p2) . . . BCID1≺IDk
full(//pk)

BC
n
ID1≺IDk+1

full(//pk+1)BC
n
ID1≺IDk+2

. . . BC
n
ID1≺IDm

full(//pm)

BC
n
ID1≺IDm+1

full(//pm+1)BC
n
ID1≺IDm+2

. . . BCn
ID1≺IDn

full(//pn) )

alg(xq1)
def
=πAm+1,Am+2,...,An(full(xq1))

Fig. 3. Generic XQuery query with simple return expression.

4.2 Algebraic translation of more complex queries
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Concatenation
zk� 6 �	2��

alg(q1, q2)
def
=alg(q1) ‖ alg(q2)

�����
full(q1, q2)

def
= full(q1)

‖ full(q2)

 Y 6 �	��� ,

�������@,'�	$7�I���	�J4<&�����&��@,'������,'� ��� 
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Element constructors

� # ��T!����, &	�?��$J,.�-��&%,'�?� �������-� �	$Q�����*,'�'����$'# �@,'���N\?4�, 6 �*LM��# # �	YW� ��>Z����# �
�

alg(〈t〉{q}〈
�
t〉)

def
=xml(n(alg(q)),〈t〉A1〈
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t〉)Y 6 ���-�0, 6 �d���%$-,K��+S������,.���

n
+���&.��$���# #9,.��+�# �	$BLM�-��T

alg(q)
� � �h$�� ��>?# �",'��+�# �"YW� , 6 �a$'� ��>?# �&	��# # �	&%,'� ��� ��,-,.��� \��I,.�0���?T!���

A1
P 516 �"$���&	����� ���J>?��TH�	�?,K�@L�, 6 �

xml
�?+S�	�'��,.���<� $<�d,%�@>�>�� ��>

,'��T!+�#=��,.� 
 � ����� &���,.� ��>�, 6 ��,�2?��# ���%$G�@L
, 6 �9�@,-,.�-� \��I,.�W����TH�	� A1
6 �	2��1,.�N\S�9+���&.�����H� �

t
�	# ��TH�	�?,'$�P

�����J, 6 ����TH����� 
 full(〈t〉{q}〈
�
t〉) = n(full(q))
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For-where-return expressions
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 , 6 �%$'�K����# �	$H��$'���"$�� ��>?# � θ
$-4�TV\S��#rLM���V$'�?TH�

���-\�� ,.�����;4 
 +j�@,'����,.�=��# # 4K��� �j���-����, 
 &	�?TH+������ $����<��+j�	�'��,.���J$�P
(1) Simple return clauses � �<, 6 ��>?�����	��� &[�I���	�J4 xq1

^ � � >�P�D _ 
 +���, 6 ��qS+����%$�$�� ��� p1
� $

��\�$��?# �I,.� 
 Y 6 � # �!��# #*�@, 6 �	�-$[�����N���	#=��,.� 2��V�����"$J,%���J,WLM���?T �!�I���	�J402?�����=��\�# �
$x1

P��7,�,'��� \��I,'�
ID1&	�����-�	$�+j������$�,.�

ret(p1)
P 576 �9�I���	�J4!�-�%,'������$�$���T!�r2����-�=��\�# �%$�P?�7,�,'��� \��I,'�

IDi
� $Q, 6 �9��,�,'��� \��I,'�9� �

full(//pi)
&	�������%$'+S������� ��>N,'�1, 6 ��,.��+����I���7��L

pi

 Lv���]�%2��	�J4b+��@, 6 �'q�+����%$�$'� �?� pi

� �
p2, . . . , pm

P
�G,�,'��� \��I,'�	$

Ak+1

 Ak+2


 . . . , Am
���-��, 6 ��$'�V���.,.���-�����h\�4", 6 �H��# >?�	\��'��� &�,.������$�#=��,.� ����$��@Lr, 6 ��-��# �@,'� 2��1+���, 6 ��qS+����%$�$�� ����$G��Lj, 6 �rY 6 �	���1&	#=����$'� 
 TH�����r+����	&	� $'�	# 4 
 , 6 �9��,�,'��� \��I,'�	$r� � alg(//pk+1)



alg(//pk+2)


 . . . , alg(//pm)
P � ��& 6

Ak+i
� $

V
���

C 
 ���	+j�	����� ��>H��� pk+i
P �1�@,.�1, 6 �@,7����&	�

//
� $*�������	�!� �[LM�����?,Q�@L�$'��& 6 �9���	#=��,.� 2I�r+���, 6 ��qS+��-�	$-$'� ��� 
 //pk+i

� $X���V��\�$'��# �I,'�7��qS+��-�	$-$'� ��� 
 , 6 ��$,'�'����$'# �@,.��\�# �r,'�G, 6 �r��# >��	\��'��P 516 ��& 6 � # �N���	2�� >���,.� �?��$J,.�	+N&	�?�����	&.,.� ��>
$x1
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for $x in pf where pred(pw($x))

xq2 return fwr($x)

full(xq2)
def
=σpred(full(pf )BC

n
ID1≺ID2

full(//pw)BCID1=ID1full(fwr(pf ))

alg(xq2)
def
=πfwr(full(xq2)), respectively xmltempl(fwr)(πfwr(full(xq2)))

for $x in pf where pred(pw($x))

xq3 return 〈a〉 { fwr($x) } 〈/a〉

full(xq3)
def
=σpred(full(pf ) BC

n
ID1≺ID2

full(//pw) BC@
n
ID1=ID1

full(fwr(pf ))

alg(xq3)
def
=xml〈a〉·〈/a〉(πfwr(full(xq3))), resp. xml〈a〉templ(fwr)〈/a〉(πfwr(full(xq3)))

Fig. 4. Generic XQuery queries with complex return clauses.
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 Y9� , 6 ���I,Z# ��$-$���L*>?�����	�'��# � ,J4 
 Y7�ZYW� # # ��$'�N�����[2����-�=��\�# �b� ������& 6 LM���9&	#=����$'� �
������� ��>KTH�����2����-�=��\�# �%$H���	+S������� ��>f���h, 6 �Vm��-$J,V�����B# ������$V,'�0$J,.�-��&%,'���'��#F3-��� �f$'��\S��qS+����%$�$�� ��� � �a, 6 �B$J,;4�# �H��L

full(xq1)

 Y 6 � # �[������� ��>BTH�����9�����-��# �@,'���<2?���-�=��\�# �	$1# ������$G,.�N2?��# ����3J��� ��$��@$G$'���%,'& 6 ������\S��2��?P

(2) Nested for-where-return queries
� ��& 6 �I���	��� �%$������0� # # ��$J,.���@,'��� \?4

xq2
�����

xq3
� � � � >�PFtSP �1���-� 
 pf

� $����i��\�$���# �I,.�<+���, 6 �'q�+����%$�$'� �?� 
 pw
�K���	#=��,.� 2��H�?��� 
 pred

�<$'�=T!+�# �&	�?TH+������ $'���K+����	��� &��@,'� 
 ����� fwr
� ^ +S�@,.�	�?,.� ��# # 4�&	��T!+�# ��q 
 ���%$-,'��� _ LM���JUuY 6 ���-�%U;�-�%,'�����K�������;4IP

(2.1) The outer query does not construct new elements
576 � $r� $], 6 �1&��@$'��LM�?�

xq2
� � �]� >�P�tSP � � full(xq2)


 ID1
&������-�	$�+j������$G,.�

ret(pf )
�����

ID2
,'�N, 6 �1,'�?+B���I���Z� �

pw
Pzk�G�����

//
� �bLM������,r�@L

pw
,'�[TH���?�G� ,���\�$���# �I,.��P 516 �G�I���	�J4

fwr(pf )
� $Q�?\I,.��� ������LM���?T

fwr
\?4

������� ��><�����%Y � LM������2?����� ��\�# �
$x′

\S��������,'�
pf

 �����0�-��+�# ��&	� ��> $x

\�4
$x′

P 576 ��$ 
 fwr(pf )
� $

���	&	�?�-���	#=��,.�	�BLM���?T ^ � ,7���I�%$9����# �?��>?�	�7���	+S��������� _ $x
��, 6 �Z���	+S�������	��&%4K� $1�-��+�# ��&	�	�K\?4B, 6 �X3J�?� ����

ID1
P � � alg(xq2)


 , 6 �1+����@3J��&.,.� �?� πfwr
���.,%��� ��$r����# 4!, 6 �W��,�,'��� \��I,'�	$�LM���?T

alg(fwr(pf ))
P

5 Y7�V��# ,.�	������,.� 2��%$9��qS� $J,1LM���
alg(xq2)


 �@$7$ 6 ��YW�K� � �]� >�P�t
�

– � L fwr
�����	$1���@,9&	����$-,.�-��&%,9���%Y �	# ��T!����,'$ 
 , 6 �Z�������;4 ^ �����K� ,'$r,.�'����$�#=��,.� ��� _ �-��&���# # xq1

P
– � L fwr

&	����$-,.�-��&%,�$G���%Y �	# ��TH�	�?,'$ 
 , 6 �7,'��+H��+S�����@,'����� � alg(fwr(pf ))
� $

xmltempl(fwr)

LM���[$���T!��>�� 2I�	�d,%�@>�>?� ��>�,.��TH+�#=��,.�

templ(fwr)
P � �d, 6 � $N&��@$�� 
 full(xq2)

� $N\���� # ,V��$'� ��>
��qj��&.,.# 4�, 6 �]$.��TH� ,.��TH+�#=��,'�?P �1�@,.� 6 ��Yf, 6 � 8N dO!&	����$-,'����&.,.��� � $'� L`,'$ ��+ �W��$y, 6 �],'�?+[��# >?��\������ &��+S�����@,'���H� �i, 6 �<,.������$�#=��,.� ��� 
 � �i, 6 � $H&��@$�� 
 Lv�-�?T alg(fwr)

,.�
alg(xq2)

PQ��# #9��# >?��\������ &
,'�'����$'#=��,'� ����$ 6 �	2��N��,1TH��$J,1�����

xml
��+j�	�'��,'�?�	P

(2.2) The outer query constructs new elements
:������;4

xq3
� � �]� >�P�t�����&	# ��$'�%$, 6 �[�-�	$���# ,'$7�@L]$'�?TH��&	�?�-���	#=��,.�	�K�I���	�J4

fwr($x)
� �
〈a〉

�	# ��TH�	�?,'$�P 576 ���-�%LM����� 
 � � full(xq3)
���

���I,'��� 3-��� �"� $���$'�	�K,.�!����$������[, 6 �@,
xq3

+���������&��%$�$'�?TH�[���I,.+��I,Z�.2I�	�KLv���
$x

\�� ����� ��>�$ZLM���7Y 6 � & 6
fwr($x)

6 �@$W������T!+I,;4B�-�	$���# ,@P 576 �[���I,'��� 3-��� ��� $1���	$J,.�	� 
 \j�	&�����$��b��# #j, 6 �[�-�	$���# ,'$1�@L fwr($x)>?�	��������,.�	�BLv���1�N>�� 2I�	�
$x

TV��$J,7\j�Z� ��&	# ��������� ���N$�� ��>?# �
〈a〉

�	# ��T!����,@P �����
alg(xq3)


 , 6 �	���Z�����



�@>���� �0,;Y7�!&��@$'�%$�P � L fwr
�����	$����@,Z&	����$-,.�-��&%,Z���.Y �	# ��TH�	�?,'$ 
 �����"$'� ��&�� xq3

���I�%$ 
 , 6 ��,%�@>�>�� ��>,'��T!+�#=��,.��� $9��$��=TH+�# �
〈a〉

��# ��T!����,@P � L fwr
��# $'�!&	�?��$J,.�-��&%,�$9$'�?TH���	# ��TH�	�?,'$ 
 , 6 � xml

��+j�	�'��,.���
� �

alg(xq3)
\���� # ��$9�[\�� >�>?�	�Q,%�@>�>�� ��>b,.��TH+�#=��,.� 
 \?4H�	��&�# ��$�� ��> templ(fwr)

� �B���
〈a〉

�	# ��TH�	�?,�P
576 �9,.�'����$�#=��,.� �����@L*TH�����9&	�?TH+�# ��q

Q
�������-� �%$9&����K\S�������-� 2����BLM�-��Tg, 6 �[��\S��2�������# �%$�P

Example.
OF�.,���$W,.������$'#=��,.�N, 6 �b�I���	�J4

q
� � � � >�P n ^ ��# $��B���	&���# # , 6 �b+���, 6 ��qS+��-�	$-$'� ����$b�@,W, 6 ��	���K�@L � ��&.,.� �?�<t�P n 
 �����H, 6 ��� �r,'�'����$'#=��,'� ����$ _ P�zk�W&����BYW��� ,.�

q
�@$
�

for $x in p$x, $y in p$y

return 〈res1〉{ p1,

〈res2〉{ p2, for $z in p$z where p3 return 〈res3〉{ p4 }〈/res3〉〈/res2〉 }

〈/res1〉

Y 6 � & 6 &����B\j�WLM���J, 6 �	�'T!��������\�$-,'�'��&%,'���K� �?,.�
�

for $x in p$x, $y in p$y return 〈res1〉{ p1, 〈res2〉{ p2, q2 }〈/res2〉 } 〈/res1〉Y 6 ���-�N�������;4
q2

� $
� for $z in p$z where p3 return 〈res3〉{ p4 }〈/res3〉

PjOy�%,9��$1m��J$-,G,.�'����$�#=��,.�
q2
PI��+�+�# 4�� ��>H, 6 �

xq3
,'�'����$'# �@,'� ��������# �9LM���?T �]� >�P�t 
 Y7�Z��\I,.��� � �

full(q2) = full(p$z) BC
n
e$z .ID ≺ e3.ID full(//p3) BC@

n
e$z .ID=e$z .ID full(p$z//p4)��+�+�# 4�� ��>!, 6 �

xq3
����# �Z�@>���� � 
 ,;YW� &	� 
 LM�?� q

# ������$7,'�
�

(∗) full(q) = full(p$x) × full(p$y) BC@
n
e$x.ID=e$x.ID full(p1)

BC@
n
e$y .ID=e$y .ID full(p2)BC@

n
e$y .ID=e$y .ID full(q2)

� � ����# � ��� ��>
q �
$G,'�'����$'# �@,'� ��� 
 Y7� 6 �%2I� alg(q) = xmltempl(full(q)) 
 Y 6 ���-� xmltempl

� $
�

〈res1〉e1.C〈res2〉e2.C〈 res3〉e3.C〈/res3〉〈/res2〉〈/res1〉
Y 6 ���-�

e1.C, e2.C, e3.C
�����W, 6 �

C
��,�,.�-� \��I,.�%$W&	�������%$'+S������� ��>B,'��, 6 �[+���, 6 ��qS+��-�	$-$'� ����$

p1, p2�����
p3

^ , 6 ��$��b+���������&�� ��>0�-�%,'�������	�"�������	$ _ P
RZ\�$����;2I�N, 6 ��,Z���B����,%�!���%$-,.�-��&%,'����� ��><� $������	���	�d� �
xmltempl


 $'� ��&	�W, 6 �����	$J,.�	�N3J��� ��$W� � full(q)
6 �	2���>��-����+j�	�B, 6 ������,%�V�@$G, 6 �W�I���	�J4<���	�I��� �-���yP

4.3 Isolating patterns from algebraic expressions

��# >��	\��'��� &Z�	�I��� 2?��# �	��&	�b����# �%$1��+�+�# � �������
(∗)

\��-� ��>
full(q)

,'�N, 6 ���	�I��� 2?��# �	�?,7LM�?��T
�

σ(e$z .ID 6=⊥)∨(e$z.ID=⊥∧e2=⊥)( full(p$x) BC@
n
e$x.ID≺≺ec.ID ec ×

full(p$y) BC@
n
e$y .ID≺≺ee.ID ee BC@

n
e$y .ID≺≺ed.ID

(ed BC@
n
ed.ID≺≺ef .ID(efBC

n
ef .ID≺≺eg .ID σV =5(eg)BC@

n
ed.ID≺≺eh.IDeh)))

576 � $Z���.YW�-� ,.� ��> 6 ��$�>?������+S���0,.��>?�%, 6 ���
full(p$x)

Y9� , 6 , 6 �b�@, 6 ���9$���\j��qS+��-�	$-$'� ����$b$J,.����&.,.������# # 4�-��# �@,'���b,'�
$x

^ , 6 �]3J�?� �H+��-�I����&.,G\j�.LM�?�-�7, 6 �
× _ P � , 6 ��$G��# $��Z>?�-�?��+S�	� full(p$y)

�����V, 6 �7$'��\S��q�U+��-�	$-$'� ����$Z$-,'����&.,.���'��# # 4d�-��# �@,'���K,.�
$y

^ , 6 �b#=�@$-,W,;Y7�B# � ���	$ _ P � ,9,.���-��$[���I,W, 6 �@,W, 6 �	$��b&	�?�-���%$'+S�������qj��&.,.# 4H,.�[, 6 �Z��# >��	\��'��� &Z$'��TB���?,'� &%$7�@L]+���,�,'���-��$
V10

�����
V11

� � � � >?������n�P 576 ��$
�

alg(q) = xmltempl(σ(e$z .ID 6=⊥)∨(e$z .ID=⊥∧e2=⊥)(V10 × V11))576 �
σ
� $1�b\?4IUc+����I����&.,��@LF,.������$-LM���'TH� ��>b, 6 ����������# � ,;4�3J��� ��$9� �

(∗)
� �B$J,.����&.,.������#I3J�?� ��$�P
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